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fr ffffi OF AMTTflTOBg QT.TQODEOXY MOCUOTIDBS TO PRODUCE 

TOTO^ATOD PROTEINS 

FTg^D OF THF rMygNTION 

> The present invention relates to antisense 

oligodeoxynucleotides useful for producing truncated 
receptor proteins and their uses. 



BACK ffRntTWP OF THB I NVENTION 

10 An antisense approach is commonly utilized to 

block the expression of specific genes within cells. 
See, e.g., R.W. Wagner, Nature 372, 333-335 (1994); and 
W. Risau, PCT International Publication Number: 
W095/13387 (1995). It is hypothesized that RNase H 
15 hydrolyses the RNA strand of a RNA-DNA duplex and is 
likely to be responsible for the antisense effects of 
2 ' -deoxyoligonucleo tides. The translation initiation 
site of a mRNA is often used as the antisense binding 
site on the assumption that this region is important 
20 and accessible. However, recent studies such as those 
of Risau, supra, indicate that most regions of the mRNA 
are in fact accessible to oligonucleotides, except for 
those with strong secondary structure. 

It has been shown that the carboxyl terminus (C- 
25 terminus) of the erythropoietin receptor (EPOR) is a 

negative regulation domain for cell growth. See James 
Ihle et al. r Bailliere's Clinical Haemotology 7, 17-48 
(1994); and A.D. DeAndrea et al., Mol Cell Biol. 11, 
1980-1987 (1991) . Further, this view is supported by 
30 the following evidence: 

(i) In EPOR transf ectants of Ba/F3 cells, a 
40 amino acid truncation at the C-terminus enhances 
cell proliferation <DeAndrea et al . , supra). 

<ii) In a naturally occurring human EPOR 
35 mutant, a 70 amino acid truncation at the C-terminus 
caused erythrocytes is . The affected individuals have 
excellent or superior health without abnormalities 
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(A.D.L Chapelle at al . , Proc. Natl. Acad. Sci. USA 90. 

4495-4499 (1993)). 

(iii) Hematopoietic cell phosphatase (HCP) . 

which down regulates the EPO- induced cell 
5 proliferation, binds to a region close to the C- 

terminus of EPOR (Taolin Yi et al.. Blood 85, 87-95 
(1995) ) . 

— « |lr t p^eirlntlon Of t,*9 f l WTM 
10 Figure 1 is a graph of viable cell counts for UT7- 

EPO cells with various treatments. 

Figure 2 is a graph of MTT assay results for UT7- 
EPO cells with various treatments. 

Figure 3 is a graph of the effect of SB3431 on 
15 viable cell counts and viability in UT7-EPO cells. 

Figure 4 is a graph of DNA ladder assay results for 
dose response of SB3431 in UT7-EPO cells. 

Figure 5 is a graph of MTT assay results for SB3431 
effect on EPO response of UT7-EP0 cells. 

20 

P TT T ftTTiffi P T"««»»tt™i ^ Xm TNY B WTTOH 

The antisense approach of the present invention is 
not to block EPOR gene expression to shut down 
erythroid cell growth, but to produce a c-terminally 
25 truncated EPOR to enhance cell growth. An antisense 
phosphorothioate oligodeoxynucleotide, designated 
SB3431, was rationally designed based on the unique 
feature of the C- terminus of EPOR . SB3431 was 
designed to block the 3 • translational region of mRNA 
30 for production of C-terminally truncated EPOR, in order 
to truncate the EPOR negative regulatory domain, 
thereby enhancing erythroid cell growth. 

The stabilizing modification of phosphorothioate 
linkages instead of phosphodiester linkages renders the 
35 oligonucleotides of the invention resistant to cellular 
nuclease digestion and are more preferred. Other 
preferred linkages resistant to nuclease digestion such 

2 
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aS phosphotriester. methyl phosphonate. short chain 
TlKyl or cycloalKyl intersugar linages or short chain 
fceteroatomic or heterocyclic intersugar linages could 
also be used. Other preferred oligonucleotides may 
5 contain alfcyl and halogen-substituted ^""^^ 
such as a 2-O-fluoro, 2 --0-methyl. 2 -O-ethyl or 2 0 

propyl moiety. 

SB3431 is complementary to the mRNA region 
encoding the C-terminus amino acids 478-483 of human 
encocu.na (1990)) having 

10 EPOR (S.S. Jones et al.. Blood /&, 

the sequence SYVACS. The phosphorothioate 
oligodeoxynucleotide has the sequence: 

SB3431: 5 ' -GAGCAAGCCACATAG-3 ' (SEQ ID NO: 1) 
Other antisense phosphorothioate 
oligodeoxynucleotides complementary to a mRNA region 
encoding a different C-terminus proximal sequence of 
the human EPOR were designed having the following 

SeQUenCeS: sB3423 . 5 1 -CACAAGGTACAGGTA-3 ' (SEQ ID NO: 2) 
SB3424 : 5 ■ -GTCCCCTGAGCTGTAGTC-3 • (SEQ ID NO : 

3> SB3425: 5 • -TCATAAGGGTTGGAGTAG-3 ' (SEQ ID NO: 

4> SB3423 is complementary to the mRNA region encoding 
the C-terminus amino acids 429-433 of human EPOR having 
the sequence YLYLV. SB3424 is complementary to the mRNA 
region encoding the C-terminus amino acids 442-447 of 
human EPOR having the sequence DYSSGD. SB3425 is 
complementary to the mRNA region encoding the C-terminus 
amino acids 459-465 of human EPOR having the sequence 
PYSNPYE. 

SB3431 and the other oligodeoxynucleotides of the 
invention are useful in a method of enhancing erythroid 
cell growth through their use as agents for 
specifically enhancing EPO activity for proliferation 
induction and apoptosis suppression of erythroid 
precursor cells. » this method of the invention. 
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tissues or cells are contacted with the 
oligodeoxynucleotide (s) . In the context of this 
invention, to "contact" tissues or cells with an 
oligodeoxynucleotide or oligodeoxynucleotides means to 
5 add the oligodeoxynucleotide (s) , usually in a liquid 
carrier, to a cell suspension or tissue sample, either 
in vitro or ex vivo, or to administer the 
oligodeoxynucleotide (s) to cells or tissues within a 
human. 

10 Further, the compounds of the invention can be 

used for production of C- terminal truncated EPOR. 
Also, SB3431 and the other oligodeoxynucleotides of the 
invention can be used therapeutically for treatment of 
anemia which is associated with renal diseases, AZT 

15 treatment, cancer, myelodysplastic syndromes, 

rheumatoid arthritis, autologous transfusion, surgery 
or chemotherapy. 

Additionally, SB3431 can be used as a diagnostic 
tool for negative detection of C-terminal truncated 

20 EPOR mutants, such as the naturally occurring mutant in 
human, by using Northern blotting, PCR, etc., in 
comparison to the level of C- terminus intact EPOR in 
the wild type. 

A further aspect of the invention is antisense 

25 phosphorothioate oligodeoxynucleotide (s) which block a 
different 3' translational region on mRNA which also 
produces C-terminally truncated EPOR to enhance 
erythroid cell growth. 

Another aspect of the invention is antisense 

30 phosphorothioate oligodeoxynucleotide (s) complementary 
to the mRNA region encoding the C-terminus sequence of 
human IL-3 receptor b chain (IL3R b) , c-kit or any 
other receptor having a negative regulatory domain 
which produces negative regulatory domain truncated 

35 receptors to enhance cell growth. 

Yet another aspect of the invention is antisense 
phosphorothioate oligodeoxynucleotide (s) complementary 
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to the mRNA region encoding the HCP binding site of 
human IL-3 receptor b chain (IL3R b) or c-kit to 
produce negative regulatory domain truncated receptor 

to enhance cell growth. 

5 The oligodeoxynucleotides of this invention are 

also useful for research purposes. The specific 
hybridization exhibited by the oligodeoxynucleotides 
Z y be used for assays, purifications, cellular product 
preparation and other methodologies which would be 

10 appreciated by persons or ordinary skill in the art. 

The present invention will now be described with 
reference to the following specific, non-limiting 
examples . 

IS 

Studies were conducted on the effect of the 
designed phosphorothioate oligodeoxynucleotides on cell 
20 growth in EPO-dependent UT7-EPO cells (N . Komatsu et 
a2 Blood 82, 456-464 (1993)). Cell numbers and 
viability (trypan blue exclusion) were determined using 
a hemocytometer. MTT (thiazolyl blue) cell 
proliferation assays were conducted. First, cell number 
25 and viability were determined. If viability was greater 
than 90%, the cells were washed twice with IMDM cell 
culture medium containing no added growth factors. The 
washed cells were suspended in the medium at a cell 
density of 8x10* or 1x10* cells/ml.. The cells were then 
30 split into 96-well plates at 100 uWwell for different 
treatments . The antisense oligodeoxynucleotides were 
added to 5 uM. Growth factor controls contained 1 U/mL 
EPO (Amgen) or 10 ng/ml IL.3 (R&D Systems) . Cells with 
no treatment were used as the control . The cells were 
35 incubated at 37°C in 5-7.5% CQ 2 for 24, 48 or 72 hours. 
Four hours before the end of the incubation, 25 uL of 
MTT (Sigma, Product No. M 2128 made to 1.6 mg/mL in PBS 

5 
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and sterile fiXtered, were added per weXX The plates 
were then incubated at 37'C in 5-7.5% CC 2 for 4 hr . ^100 
uL of 10% SDS/0.01N HCX were added to each well four 
hour after the MTT addition. The plates were placed jn 
, an incubator untiX the for.na.an crystaXs dissolved (3-4 
n if plates shaken whiie incubated or overnxght) . OD 
readings of each plate well were determxned xn an ELISA 
Tate reader having a 570 nm test filter and a 750 nm 

0 ^^^rlmental results presented in Pigs X and 
2 and Tabie X demonstrate that SB343X is actxve for 
station of ceXX growth in EPO-dependent human UT7- 
EPO ceXXs. SB3431 promoted ceXX growth at 
concentrations of 5 uM. while simiXar concentratxons of 
l5 SB3423, SB3424 and SB3425 did not signif icantiy 
increase ceXl growth. 

Dose response curves were generated xn the 
presence of from 0.07 uM to 4.4 uM SB343X as descrxbed 
Tove The experimental results *<«^££Vn_**> 
20 demonstrate that SB3431 promotes ceXX growth xn UT7 
cells in a dose-dependent fashxon. 
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The effect of the designed phosphorothxoate 
oligodeoxynucleotides on apoptosis in EPO-de 
^ 7 ! E P0 cells was also studied. Cells wxth a vxabxXxty 
of greater than 90% were washed extensxvely wxth IMBM 
Medium without fetal bovine serum and EPO. The ceXXs 
were then incubated in the medium at 37»C for 
hr s The EPO depXetion in the medium induces apoptosxs 
in the ceXXs. which is used as a positive control" 

_ „ r e iis were treated with 1 U/mL 

DNA ladder formation. Ceiis weic 

KPO (Amgen) as a negative control for apoptosxs To 
test the anti-apoptotic activity of the antxsense 
deoxyoligonucleotides, the EPO-starved cells were 
treated with the compounds for the same txme perxod. 
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DNA ladder formation was determined by pelleting 
about 1x10? cells at 600xg for 5 minutes at 2°C in 15 
*L conical bottom tubes. The supernatant was discarded 
and the cell pellets Kept on ice. The cells were lysed 
5 in a digestion buffer of 10 mM Tris CI. P« 7.5. 3-1 
EDTA, P H 8 and 0.2% SDS in a portion of 6xl 0 6 ce lls/7S 
uL buffer. FNase-lt cocktail (Strategene) was added to 
a final concentration of SOU/lOOuL. The mixture was 
incubated for 15-20 minutes at 37°C with agitation. 
10 Proteinase K (1 mg/rnL in 10 mM CaCl 2) was added at a 
concentration of 200 ug/mL and the mixture incubated 
15-20 minutes at 65°C with agitation. The lysates were 
kept on ice. Samples for electrophoresis on 2% agarose 
gels were prepared by adding a 1/4 volume of a loading 
15 buffer containing 50% glycerol, 0.05 M EDTA, 0.25% 

bromophenol blue and 1%SDS and incubating at 65»C for 5 
minutes prior to loading and electrophoresis. 

The 360 bp, 540 bp and/or 720 bp bands of the 
apoptotic DNA ladder were selected and quantified on a 
20 densitometer (Biolmage) . The experimental results 
presented in Table 2 demonstrate that SB3431 
apoptosis in EPO-dependent human UT7-EPO cells. SB3431 
reduced apoptosis at concentrations of 5 uM, while 
similar concentrations of SB3423. SB3424 and SB3425 did 
25 not significantly decrease apoptosis. 

Dose response curves were generated in the 
presence of from. 0 . 07 uM to 4 . 4 uM SB3431 as described 
above . The experimental results of the quick DNA 
ladder assay for SB3431 dose response in EPO-dependent 
30 human UT7-EPO cells presented in Fig. 4 demonstrated 
that SB3431 reduces apoptosis in UT7-EPO cells in a 
dose -dependent fashion . 
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on B '" m ° n8e 

The effect of the designed phospborothioate 
ol igodeo*ynucleotides on EPO response in EPO-* ^pendent 
5 UT7-EP0 cells was also studied. MTT cell proliferation 
«i DNA ladder assays were performed as 
above. The experimental results presented xn Fxg^ 5 
*«T assay, and the DNA ladder assay (data not shown 
demonstrated that SB3431 enhances EPO response xn UT7 

10 further experiments indicated that SB3431 does not 

induce cell growth in non-EPO-responsive HL-60 cells 
Lta not shown) . Further, it was «»~-«^ f*' 
KPOR mBHA is not degraded by RNAse H a ^ 

l5 treatment of the cells (data not shown) . Whxle not 
intending to be bound by any particular theory, xt xs 
possible that SB3431 causes the truncatxon of a 

—Z-t^Ztn^. * specifically 

20 —^^^ ITL-Ir^- other 
negative regulatory protein binding to other receptors. 

The present invention may be embodied in other 
25 specific forms without departing from the spirxt or 

essential attributes thereof, and, rather 
reference should be made to the .^'J^ 
th an to the foregoing specification, as xndxcatxng the 

scope of the invention. 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION 
(i) APPLICANT : S,— ^ ^ ^^^^ 

(iii) NUMBER OF SEQUENCES: 4 

,1 Ti» c SSESSST2i^ , ssr corporati ° n 

(D) STATE: PA 

(E) COUNTRY : USA 

(F) ZIP: 19406 

( v) COMPUTER READABLE ^^^^^ 

Si SSSSS^T^^^- 

\l) S: SS6 S Windows Version 2.0 

i vi 1 CURRENT APPLICATION DATA: 
}L APPLICATION NUMBER: 

(B) FILING DATE: 22-DEC-199& 

is KK^^^ 

(ix) TELECOMMUNICATION INFORMATION : 
U ^l) TELEPHONE: 610-270-5096 

(B) TELEFAX: 610-270-5090 

(C) TELEX: 

(2 ) INFORMATION FOR SEQ ID NO : 1 : 

(i ) SEQUENCE CHARACTERISTICS: 
t A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

( D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO : 1 : ^ 
GAGCAAGCCA CATAG 
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(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

<xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

CACAAGGTAC AGGTA 

(2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 
( d) TOPOLOGY : 1 inear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:3: 

GTCCCCTGAG CTGTAGTC 

(2) INFORMATION FOR SEQ ID NO : 4 : 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 
tc) STRANDEDNESS: single 
(D) TOPOLOGY: linear 

(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 
TCATAAGGGT TGGAGTAG 
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x *n oligodeoxynucleotide having the nucleotide 

se^ce as set tort* in « ^'J^ , uprising 
2 . The ^^^o^ linkage . 

prising contacts ^ZZ^o ^ region 

-Tn;""^ 

T r^oa of clai* 3 wherein the 
olig odeoxynucleotide has the seance as set f 

SEQ Method of enhancing cell growth co^risina 

^na tissue or cells with an oligodeoxynucleotide 

ir^rnirto an ^ ^ . ™ 

T "ol oTc£. 5 wherein the receptor is 
human IL-3 receptor b chain or c-Xxt. 
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DNA Ladder Assay for Dose Response of SB 
3431 in UT7-EPO Cells 
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